INTRODUCTION
Osteoarthritis (OA) is widely known as the most frequent musculoskeletal disorder, mainly occurring in the elderly (1, 2) , with a radiographic prevalence of nearly 70% in persons over age 65 (1) . Disease burden is related to pain occurrence, frequently leading to functional disability ranging from slight limitation of movements to severe impairment of normal daily living activities (3, 4) . Therefore, pain relief plays an important role in the treatment of OA. Although acetaminophen is indicated as first-line therapy for controlling pain in persons with OA (5-7), nonsteroidal antiinflammatory drugs (NSAIDs) are the most effective medications (8, 9) . In the late 1980s, the increasing evidence of serious gastrointestinal (GI) adverse events (e.g., GI perforation, ulceration, and bleeding) led to a progressive decline in NSAID use for OA treatment, especially among elderly patients, while acetaminophen use did not increase as expected (10) . Starting in 1998 (11) , the marketing of a new class of NSAIDs with a low GI toxicity risk, the selective cyclooxygenase 2 (COX-2) inhibitors (coxibs), mainly celecoxib and rofecoxib (12) (13) (14) , changed the prescribing pattern of painkillers in OA. Indeed, coxibs were suggested as first-line therapy in the treatment of OA-related pain in patients at high risk of GI bleeding (15, 16) . In October 2004, however, rofecoxib was withdrawn from the market because of evidence of an increased risk of myocardial infarction (17) . In light of these events, the goal of our study was to compare the trend in use of different NSAIDs and other analgesic drugs for the treatment of OA-related pain before and after rofecoxib withdrawal in a general practice in southern Italy.
Because NSAIDs are a major cause of serious adverse drug reactions and of regulatory interventions, and taking into account the high prevalence of OA, we think that our report may be important to obtain information about the pattern of prescribing painkillers by general practitioners (GPs) after a sudden and unexpected withdrawal of a drug from the market.
PATIENTS AND METHODS
Data source. Data were extracted from the Arianna database during the period September 30, 2003 to September 30, 2005 . This database, set up by the Health Service Agency of Caserta city in the year 2000, currently contains information about a population of almost 300,000 individuals living in the catchment area of Caserta who are registered with 225 (73.7%) of 305 GPs practicing in the same area. Participating GPs record data during their daily clinical practice using dedicated software and send monthly complete and anonymous data concerning their patients to the Arianna database. Information collected includes patient demographics and drug prescriptions coded according to the Anatomical Therapeutic Chemical (ATC) classification system and linked to medical diagnoses coded by the International Classification of Diseases, Ninth Revision (ICD-9).
All participating GPs received extensive training in data collection techniques. Routine quality checks included analysis of several parameters such as missing patient codes, number of daily filled prescriptions, proportion of prescriptions correctly linked to medical diagnoses, and monthly continuity of data submission. Any variation within defined ranges was investigated and back submitted to each participating GP in order to receive immediate feedback about data quality and completeness. GPs failing to meet these standard quality criteria were not retained within the project, according to basic standards in the conduct of pharmacoepidemiologic studies (18) . So far, the Arianna database has been shown to provide accurate and reliable information about drug utilization in general practice (19 -21) .
Educational intervention for GPs. Starting in 2001, GPs enrolled in the study were well trained concerning the guidelines for OA diagnosis (22, 23) and treatment (5-7), thanks to a continuous medical educational program of interactive teaching intervention and decisional algorithms presentation (24 -27) , and nonselective (NS) NSAIDs (all M01A, except for coxib and COX-2 preferential), and 2) weak opioids (ATC codes N02AE, N02AX) that are reimbursed by the Italian National Health System (NHS) since December 2004. Acetylsalicylic acid is not reimbursed when prescribed as an analgesic drug, and parecoxib was never marketed in Italy; therefore, these medications were not included in the analysis. Acetaminophen is also not reimbursed by the Italian NHS. At the end of the study, however, all GPs enrolled in this investigation completed a questionnaire that asked them to indicate whether acetaminophen utilization for OA-related pain was increased or decreased after rofecoxib withdrawal. After identification of users of study drugs, information about patient demographics and drug prescriptions recorded during the study period was retrieved using the Arianna database. Furthermore, utilization of different study drugs was evaluated before and after rofecoxib withdrawal, according to presence of concurrent GI diseases (ICD-9 codes 530 -537, 578) and coronary heart disease (ICD-9 codes 410 -414).
Prevalence and incidence of use. For each 1-year period, the prevalence of the study drugs was calculated as the number of study drug users divided by the number of patients alive and registered in the GPs' lists. Within each 1-year period, we defined a new user as a patient receiving a first prescription for OA-related pain treatment without any prescription in the previous year. Before and after rofecoxib withdrawal, the cumulative incidence rate was measured as the number of new users divided by the number of patients free from study drug use in the previous year. Regarding opioid prescriptions, our data were limited to the period subsequent to rofecoxib withdrawal, because these drugs were not previously reimbursed and therefore were not registered in the database. Both prevalence and incidence were expressed as rates per 100 or per 1,000 inhabitants, together with 95% confidence intervals (95% CIs).
Statistical analysis.
Chi-square test for categorical variables and Student's t-test for continuous variables, with a significance level of P Ͻ 0.05, were used for assessing the differences among users of various study drug types within 2 years of observation. Statistical analyses were performed using STATA 6.0 (StataCorp, College Station, TX).
Effect of Rofecoxib Withdrawal on OA 569

RESULTS
Prevalence of study drug use before and after rofecoxib withdrawal. Overall, there was a minor but significant (P Ͻ 0.05) decrease in the prescribing of OA symptomatic drugs from 21.3 (95% CI 20.9 -21.5) to 20.5 (95% CI 20.2-20.8) per 100 inhabitants in the period before (period I) and after (period II) rofecoxib withdrawal, respectively ( Figure 1 ). In particular, such a decrease was more clearly shown (P Ͻ 0.05) in patients age Ͼ65 years (period I: 52.3%, 95% CI 51.3-53.2; period II: 48.6%, 95% CI 47.6 -49.4).
Regarding different study drugs, NS NSAID use resulted in a slight increase in prevalence after rofecoxib withdrawal from 12.1% (95% CI 11.8 -12.2) in period I to 12.7% (95% CI 12.4 -12.8) in period II (Figure 2 ). In contrast, the prevalence of COX-2 preferential use remained rather stable between the study years (period I: 11.8%, 95% CI 11.5-11.9; period II: 11.5%, 95% CI 11.2-11.6). The prevalence of coxib use fell from 4.4% (95% CI 4.2-4.5) in period I to 1.6% (95% CI 1.5-1.7) in period II. Weak opioids, reimbursed by the Italian NHS since December 2004, were used in 0.4% (95% CI 0.3-0.5%) of patients with OA after rofecoxib withdrawal.
Looking specifically at coxibs, the prevalence of use per 1,000 inhabitants decreased for both rofecoxib (period I: 20.4, 95% CI 19.5-21.2; period II: 0.2, 95% CI 0.1-0.3) and celecoxib (period I: 21.5, 95% CI 20.5-22.4; period II: 9.0, 95% CI 8.3-9.5) (data not shown). Only use of etoricoxib did not change during the 2 observation years (period I: 7.2, 95% CI 6.6 -7.7; period II: 7.1, 95% CI 6.5-7.6). Valdecoxib, marketed in June 2004 and withdrawn in April 2005, was poorly used during the study period compared with other coxibs (0.9, 95% CI 0.7-1.0). Figure 3 shows the prevalence of use, per 1,000 inhabitants, of medications accounting for 90% of total painkiller prescriptions in patients with OA. Almost 50% of patients treated for OA-related pain received at least 1 prescription of nimesulide during the study period. Prevalence of nimesulide use was 2 times higher than that of diclofenac (the second most used medication) in both years, although its prevalence of use slightly decreased after the rofecoxib withdrawal. The disappearance of rofecoxib induced significant changes in the prescribing of different drug classes. Concerning coxibs, a more than 50% reduction in celecoxib use was reported, whereas no changes in the prescribing of etoricoxib were shown. Regarding COX-2 preferential and NS NSAID use, aceclofenac use was 2 times higher in period II (11.3 per 1,000) compared with period I (6.6 per 1,000), whereas use of dexibuprofen, marketed in May 2004 in Italy, increased from 0.2 per 1,000 to 5.1 per 1,000 after rofecoxib removal.
One-year incident use of NSAIDs before and after rofecoxib withdrawal. The cumulative incidence of treatment with NS NSAIDs was 73.6 (95% CI 71.9 -75.3) per 1,000 Clinical characteristics of study drug users. Clinical characteristics of study drug users are described in Table  1 . Coxib users were mostly women and were older than other NSAID users. Moreover, the proportion of coxib users age Ͼ65 years was higher after rofecoxib withdrawal (66.8%, 95% CI 62.8 -70.8) compared with before (63.7%, 95% CI 61.3-66.1).
The proportion of coxib users who were affected by GI diseases or used antiplatelet agents or proton-pump inhibitors (when used as gastroprotective agents) was higher than users of other NSAIDs, particularly after rofecoxib withdrawal. In contrast, the proportion of patients with coronary heart disease was rather similar among users of all NSAID subgroups, with a slight reduction (not statistically significant) after rofecoxib withdrawal.
DISCUSSION
In the late 1980s, awareness of NSAID-related GI adverse events led to a decreased use of these medications in older patients with OA (10) . By itself, this fact is not surprising because elderly persons are at a high risk of NSAID-related GI toxicity (28 -30) . When coxibs were introduced into the drug market, these health issues seemed to be partially solved (12) (13) (14) and NSAID use in the elderly increased Ͼ40%, entirely due to COX-2 inhibitors (14) . Coxibs, however, are not completely safe and their marketing surprisingly led to an increased hospitalization rate due to upper GI hemorrhage in patients age Ͼ65 years (14) . In contrast, cardiovascular risks were also reported for rofecoxib (13) . As a consequence, on September 30, 2004, rofecoxib was withdrawn from the market due to the results of the Adenomatous Polyp Prevention on Vioxx (APPROVe) study (17) , showing that long-term rofecoxib use was related to higher risk of myocardial infarction compared with placebo.
Although the initial impact of coxibs on the pharmacologic treatment of patients with OA is well known (31), we were unaware of the consequences of the withdrawal of rofecoxib on pain treatment in OA. Indeed, previous drug utilization studies demonstrated that rofecoxib withdrawal reduced the prescription of celecoxib (32), also with a delayed effect (33) , and reduced the prescription of all coxibs (31) , whereas an increase in the use of classic NSAIDs, such as diclofenac, ibuprofen, meloxicam, and etodolac, has been reported (32) . In these articles, however, despite the amount of data available, no information was given about the real motivation of coxib and NSAID prescriptions, and thus it was not possible to specifically evaluate the burden of rofecoxib withdrawal on OA treatment.
In our analysis, overall use of painkillers in patients with OA decreased slightly but significantly after rofecoxib withdrawal. This decrease occurred particularly in patients age Ͼ65 years and was mainly due to a reduction in coxib utilization, whereas COX-2 preferential and NS NSAID use did not significantly change.
Because acetaminophen is not reimbursed by the Italian NHS, our data source did not make it possible to analyze utilization of acetaminophen. For this reason, at the end of the study, we administered a specific and simple questionnaire to GPs about acetaminophen utilization in patients * Values are the number (percentage) unless otherwise indicated. NSAID ϭ nonsteroidal antiinflammatory drug; GI ϭ gastrointestinal; CHD ϭ coronary heart disease; PPI ϭ proton-pump inhibitor. † Diseases of the esophagus, gastric and duodenal ulcer, gastritis and duodenitis, functional disorders of the stomach and duodenum, and GI bleeding. ‡ Myocardial infarction, angina pectoris, and other coronary heart disease. Both concomitant diseases and medications were evaluated at the first prescription of drugs for osteoarthritis within each study year.
with OA. GPs indicated, in general, a low use of such an analgesic in patients with OA, without any variation after rofecoxib withdrawal. In line with a previous survey enrolling a large number of Italian GPs (34), our study also suggests an underutilization of acetaminophen in OA-related pain treatment after rofecoxib withdrawal. This finding might be partly explained by the fact that acetaminophen is in charge of citizens. Furthermore, the high prevalence of NSAID use can be related to the analgesic and antiphlogistic properties of NSAIDs; in fact, inflammation is one of the main determinants of pain and disease progression in OA (31, 33) . Thus, a class of drugs with analgesic power that act on inflammation may have a very important place in this setting, and this is in line with OA patients' preference for NSAIDs (8, 9) .
The interpretation of pain treatment in patients with OA is not univocal. First, pain may now be considered less by GPs than before rofecoxib withdrawal, as previously described by Ausiello and Stafford for traditional NSAIDs. Second, it is possible to speculate an overtreatment of OA-related pain by GPs before rofecoxib withdrawal, according to the well-established GI safety of coxibs (12) (13) (14) .
In contrast with previous studies (35, 36) , in patients age Ͼ65 years, we found a lower utilization of coxibs compared with COX-2 preferential and NS NSAIDs both before and after rofecoxib withdrawal. The strong reduction in coxib prescriptions after rofecoxib removal, particularly in older patients, suggests that cardiotoxicity plays a primary role in changing the prescribing behavior of GPs.
Moreover, prevalence of celecoxib use decreased to less than half, suggesting that a class effect of coxibs is considered by GPs. Although data about rofecoxib are undisputable, as outlined by the re-analysis of the APPROVe study (37) , celecoxib does not seem to increase the risk of cardiovascular events at the commonly used dose (38 -40) , probably as a result of lower selectivity for COX-2 compared with other coxibs. In contrast, growing evidence underlines the cardiovascular risk of traditional NSAIDs such as diclofenac (40, 41) , naproxen (42) , ibuprofen (41) , and other NSAIDs such as nabumetone, meloxicam, etodolac, and nimesulide (43) . Nevertheless, according to the study findings, fewer patients affected by coronary heart disease were treated in all NSAID groups in period II.
Interestingly, celecoxib use decreased more than 50% after rofecoxib withdrawal, whereas the use of etoricoxib (marketed in Italy since March 2004) remained unmodified. The extensive marketing campaign launched by drug manufacturers to promote new drugs might partly explain such a peculiar finding (44) .
Concerning coprescription of gastroprotective agents, our results show a low rate of proton-pump inhibitor treatment in users of traditional NSAIDs (45) . In contrast, the rate of gastroprotection with proton-pump inhibitors in coxib users was higher than in other NSAID users. This trend has been previously described for both traditional NSAIDs (46, 47) and coxibs (47) . This finding might be explained by the channeling effect of coxibs that are more likely to be prescribed in patients with higher GI risks compared with other NSAIDs (48) .
Finally, we observed a low rate of utilization of weak opioids, despite their well-defined role in published guidelines (5-7) and the fact that they became fully reimbursed in Italy after December 2004. This evidence might be related to the concerns about tolerability of weak opioids, which are associated with a high frequency of side effects such as dry mouth, nausea, and constipation (49, 50) . Overall, our investigation highlights that the adherence of GPs to published guidelines (5-7) was not satisfactory and this should be analyzed despite accurate and regular training.
To our knowledge, this is the first drug utilization study performed in Italy with the aim of evaluating the effect of rofecoxib withdrawal on pain treatment in patients with OA in a general practice setting. However, several limitations of the study should be considered. First, diagnoses were made only by GPs and were not confirmed by a rheumatologist/orthopedic specialist when drug prescription was directly decided by a GP. Second, data on pain severity requiring drug prescriptions were missing. Another limitation was the lack of data on acetaminophen utilization directly measured in the study population during the observation years. However, as previously mentioned, we tried to estimate such a utilization through a questionnaire that was administered to GPs at the end of the study. Furthermore, we missed information on selftreatment and over-the-counter drugs because we used an outpatient prescription database. Nevertheless, the goal of the study was to look at the medications that are actually prescribed by GPs. Finally, data on weak opioid use before December 2004 were missing because these medications did not become fully reimbursable until this date and our data source contained only data on drug prescriptions that are reimbursed by the NHS. Given that our study reported a low utilization of weak opioids after rofecoxib withdrawal, we might speculate that the use of these medications in the previous period was similar or even lower.
In conclusion, rofecoxib withdrawal led to a reduction of coxib use in patients with OA despite the fact that utilization of COX-2 preferentials, NS NSAIDs, and analgesic opioids remained stable. Even though an educational program was performed during the study period, our findings suggest that GPs tend not to be adherent to recommendations of treatment guidelines for OA-related pain, or recommendations regarding gastroprotection in classic NSAID and coxib users.
